
7. PERPO,"3MINGO,-]GAN_ZATiONNAME(St AND AD3=_ESSfES)

Vanderbih U'niversi_y

Nashville TN 3?332

(615-322-2786)

Office of Naval Re, earch

800 North Quincy Surect
Arlington, VA 22217-._)60

1 February 1987 to 31 Jan_a_," 19_-.'I

DTIC
JAN :_4 1995

!9 S._ON_%#'_P..!V3'%_'F_N.n'.O=,!N_
AGENCY RE=:K_R.TNL:_B_q

_I. SUPPLEMEh_ARY,NOT.ES

12a I_STRIBUTiON;AVAILABILrrYSTATEMENT

Apprm,-ed for p_blic release; d_tnbu_on un|bmfed. 'T:_

Ii

DISTWBUTI:3N CODE

13. ABSTRACT (MBx,;I_um 200 elOr_i

Sec first page of A,li_'lc

199601050!2
14. S_JI_ECT TERM,.:'

Pr¢= FJectzou Lasers

F._rgy Cel_

17. b_.CURrT_ CU_SSIF_CA'TIO:= "{I_
Og RE_3R'r /L_CL_SSIFIED

Biology

NSN 754_.01-2_#-550_

SECUR!TY CLASSIF:CAT
OF TH_SPA_.

I_'CL_.SSI.q'E3

DX'ZO_tDdXI'T _.ffrBD l

L_CLA3St r1_._

",-_ NUMBE_40_ PAOES

i o_
_6. Pq_CECODE

(.'L

Pre,.. "_:_1 ;f _'L$ _ 239-IE
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Abstract: The optical emission attributed to electronically desorbed

excited sodium a_oms from "-" --" "...........,,,a_, ,t.u c,a-evaporatea surfaces is 'ShOWn to

be enhanced by exposure of the surface to gaseous CO'/. and N 2. This is

xl_e first observation of enhancement of electron-stimulated desorption of

substrate atoms caused by '_" _" -.._ ......,,,_ exposure v, _u,,a,.c_ to ga_ou_ raoleci.deg

which do not contain the desorbed atoms. The large amount of excited

sodium yield at 60 K provides e_'idence for non-existence of the secondao,-

electron excitation ,_¢ ,_,.,-,_.,u,, ,4,.,.,_,._a ..... a ....a:..._.
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Tiffs work reports the first measurement of the influence of surface impurities on

tt_e electron-stknulated resorption of substrate atoms. The surface composition can be

alt,:;ed by the migration to ,h .... ,.¢_.... ,.,c .;,_ ..... h ............ ,...,,. a_¢ .... 1.a

or mo!ecular adsorbates on surfaces may originate by exposure of the surfaces to gaseo,.s

molecules whose atomic constituents are either the same as, or chemically derived from, the

dosed molecules. 4-6 It is quite ,,._,_,-,-,o,,_hl,. ,h., ,,.., .... , .............. _......

desorption yield of adsorbates since the dosed molecules increase the adsorbate

concentration. Recently. the experimems of Johnson and co-workers 7 and the calculations

of Norcllander 8 show that the probability of hvdrog_n-_T-m ,_,._,-,_a,-,, _,_ ,,,,,,,1 ,,,_o,.,.,

can be altered by the presence of impurities on the surfaces. An immediate expectation is

that the probability ofsubstrate-atom de_o_tio_ may also be enhanced by the presence of

surface impurities. In this paper we show that excited wdium atom emission is

dramatically increased when _e electron-bombarded so4ium surface is exposed to gaseous

CO2 and N2 molecules. Th,is observation --_- ...... "_"lllt.dtll..dt_:ntrial ga._ eX_SLi[_ ptay:_-'.... _a inii_or_ani

role in electronic erosion of substrates and is significant to such applications as

lithography, surface catalysis, and tl'.e analysis of surface damage.

The work was carried out in an LrHV system, '-:"..,.,.lt operates at a ba_e prejudge of

i.0× 10 -{0 Tort. Gases were admitted to the chamber through two Varian leak valves

allowing the partial pressures of two gases. CO2 and N2, to be controlled in the range of

1.0 x 10 -!0 to 1.0 x 10 -6 Torr ....... ,.,,, ,- ............ ,_
/lAg

eV at typical currents of 10-150 i_A. The samples were mounted on a micromanipulator

allowing '±era to be moved relative to the optical detection system. The samples were in

thermal contact with both a closed-cycle _,.th,m ,-,-_,,.,- _,,,_ _ _,....i,,,, ,,,_,. ,_..,,,,,.

temperatures could be varied from 50 to 800 K. The alkali-halide crystals were cleaved in

_llr, mounted with their (100) surfaces facing the beam and heated under UHV conditions
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for cleaning. Thick sodium metal layers were obtained by evaporation from SAES sodium

dosers onto a glass slide. Electron bombardment of a surface produces optical emission

partially attributed to elec_onic t,.._,,_iti,,,.,_ ,.,f a,..,,-_,4 ,.,,,.;,,.A .... ;... _.....- ,h .... .._.._

Optical emission from the samples was imaged onto the entrance slit of a McPhereson 0.3-

m monochromater. Photons were detected by a cooled photomultiplier, operated in a

pulse-counting mode. The _lennino mnt_r f'e_r t-_wtrt_| t_¢ th,= _rr.,at;net a_A th,_, ¢,..._|._- ,1_,.._.

photon counting were interfaced through CAMAC and IEEE-488 units to an Apple

Macintosh computer.

The results of the experiment are presented in Figu, _ t-9 r:io,,,-,, t¢_ _,,_ _,_

compare optical spectra arising from an electron-born "barded NaCI surface without and with

gas dosing. Initially without external gas expost_re, a .c_my c_eaveo _'_at..t sample was

cooled to 60 K and pre-irradiated by 300-eV electrons for about 12 hours. Figure I(a)

displays a large amount of bulk fluorescence arisinr C:om this surface under electron
°

bombardmellt. There W3S ,'10 v_,o,..,,,_u,. ,_,t ¢iTll.g_iOll. T • ._._.

exposed to 30 langmuirs of a 1:1 gaseous mixture of CO2 and N2, a large Na* desorption

yield appeared, as shown in Figure l(a'). Figure l(b) and (b') shows the similar

observation for sodium ,-,.,_t ¢,,,xo,.,., "r_,. n;r¢ ...... t.. ....... ,_.. ....n; ....... , ..., .t..

NaC1 experiments is that. to obtain the above results, electron pre-irradiation was required

for the NaCI surfaces but not t:_eded for the sodium-metal surfaces. The data for the both

subsL"ates clearly sl:ow ,.h,,t, gas ,',,,,,,¢,,,',' ,'_,, ;-fl,,,',,,-,, ,._,.,--- .... ,; .... t.,,,.,_ ,_..... :.....r

substrate atoms even though the atoms are not chemically related to the dosing molecules.

As seen i:t the figure, we also observe enhancement of the ESD yield of ex,ated CN

moleculeS. The CN enhancement is ,'nd,_r,,_,_d_. ,,_ _ ,_,,,. ,,_ ,h,, ;ncr,,aeino eone,.nmaan n_"

adsorbed CN when the surface is exposed to CO2 ar, d N2 .9



The detailedgrowth process of the excited sodium desorption yield has been

examined for various gas-exposure times. The desorption yield of excited sodium atoms

from a Na-metal surface ,,,,a,., 11c_ ,,^ at-.n .x, .., ..... ,.^.-,...., .... : .......
_J_',_h.,t ,to ],.Lt'lb_ JVV'lw • Ih.ltl_.,,t.lg,/ll I._kPlIILSG.&UlIIglIt |llbl_dl_14_ _

function of the CO?. and N2 exposure time, as shown in Figure 2. The yield for excite,.'

godium increases faster than linearly with the exposure. The yield for excited CN

desorption, also shown ;,, _i,,,,,, ,_ ; ......... _...... ,k.,. 1;.... 1.. •
aulu

the growth tends to saturate at large exposures. Although the CO2 and N 2 exposure

enhances both CN* and Na* desorption yields, there is an important difference between the

enhancements. For CN* de.so on, ,.,. ,..,e,.,ou,,. ,+ ,_ua,_ iv .,,,.l_,_...1_ ,.,-,.,._lluat,v.

of the CN adsorbates on the surface. The saturation yield in the CN growth is understood

to be due to a saturation of the surface sites for CN formation and an equilibrium between

the formation of surface CN and Lhe ¢"._"r,,h,,a _,.¢,,,-,,a,-,, 9 T4,,,,,.,.,._ ¢,,,. r_, ,k,.,, ;_ _,

abundance of sodium atoms on the surface since these are substrate atoms. The saturauon

limit observed in CN molecules does not appear for excited sodium desorption in the

exposure range investigated here

Many studies of electron and photon stimulated desorption (ESD and PSD) of

excited a_ali atoms from alkali-halide stu_faees have 'y_en carried ,n ,; .T-out. .... t acre are long-

standing arguments about whether the production of excited alkali atoms come from _he

secondary electron excitation of thermally desorbed ground-state alkali atoms. The some

experimental resuhsl0.11 StJppOR .L: ..... t.__: .... ,_,, ...... ,, .,. .... ,._:_ .,;_.., ..
utJ_ H*_.,.ilt:tltl_iti a_ toltow_., l) ul(;: vt:lUtJlty U.lbUlOUtlon of

excited sodium atoms follows a Boltzmann distribution agreeing with the surface

temperature, and 2) electronic state populations of excited sodium atoms agree with the

populations obse_'ed in gas-phase ' ...... :......e,_uv,,-,,+_vd_t excitation cross gectiong for --a:..__UtJIUIII.

On the other hand, some experimentsl2.13 show that excited-alkali production in PSD

decreases as the temperature increases while ground-state production of alkali atoms
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increasesasthe temperature. Although the secondary electron excitation mechanism may

be important tbr some high temperature experiments, it cannot explain this difference. Our

data show that the yield of excited _,,,_+,,,-, ,-,-,_,,,-,+,,,, _, r4_ i,- +, ..... i ......... 1.....

than the yield at 300 K. At such a low temperature, it is impossible to produce thermal

ground-state sodium desorption foiiowed by secondary electron excitation in such a large

amount. A direct desorption induo,-r_ by _Teit_tl,',n t,', ¢,',,_,-. ,-,.,.,,,Ic;,,,. ,.I,.,-,.,-^,,;,- c,,_,.
=-_ _.b_+_++ ,i,_ _.._+++,k,, +l._trl,.pl,,ll, O,l, I v 'llqs'_'l.+_l,_l, IJl+tb" ,,JIA.I.L_.+II

and/or production due to chemical reactions on the surfaces may be responsible for the

production of excited sodium metai.

It is extensively documen_-.d that electron 10. 14. 15 t.,,,m_,,,.a,,,,.,, ,.o,, ;,,,.t,,,.,.
lkt_,ll&,lll_lll.l'll.l&41+41,'ll_141L _,+I_LI 4klll+qll,ll.l,l_k,,'l_

accumulation of excess metal on alkali halide surfaces. Thus, we believe that the pre-

irradiation for NaCI is required to produce metallization of the alkali halide surface. It is

generally believed that a metal surface is difficult t,, prc__,.,ce tt,,. m,.,,T ,,,,_,,-, ,.t,._,.,,.,,,+,,,,

since the initial excitation energy is quickly dissipated to the bulk. This is consistent with

our data, which show no excited sodium desorption from sodium metai and Na-rich NaCi

surface under electron bomb_dment.

CO2 and N2 exposure to the Na-rich surface produces impurities of the surface.

These oxygen, carbon, and nitrogen imptinties residing o_i il,,e sodium surface may form

sodium compounds, such as sodium oxide or insulator monolayers/multilayers on the rectal

surface. Nordlander theoretically predicted 8 and Johnson and co-workers observed .) that

probability, of excited hydrogen ,,,v,,,.... ,,,.or,v,,,-,,,'_..... _"" +__",.,,+,,,,,.,.,.,"_".... .4 t._,_.....,.o.--u_,v,_u'+""-I"-'+Jnlpuritie.e, On

metal surfaces. We postulated that a similar picture may apply to the present result which

shows enhancement of substrate atom desorption due to coadsorbed impurities on the

sodium surfaces. Formation of the -"'_",--- ;.... " ....... I-- ,.-.-.,_+-.-_ ---.;-_ .......... .8
'-_-_I.ItAJ+'IIIII,_IA,I, It _ _"qt,,t_tllt_l_.+_. l, ll,.,_.'O.IJ,_,,,,_ llill_l,_ll.l_k,,,llL I.+'II_-I_,,_ 4_III_A

coasequendy enhances the probability of the sodium desorption.
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In summar3,, this is the In,st observation that electron-stimulated dcsorption of

subs_atc atoms is enhanced by exposing [he surface to gaseous molecules whose atomic

constituents differ from the .d.e,.,-_,.,A ...... Th;_ .-.I-,...... .... ;.._; ...... :. .......... ,.
*_'ovlu_u a*.ul.,0.s. &Ua,.) Vt./#_A V_ilUll lllCh_l.i_c_.lAh..3 gil._(. I|dLIIIC; UII

sLlrface bonds plays an important role in electronic erosion. In addition, the large amount

of excited sodium desorpt/on at 60 K roles out the second electron excitation mechanism.
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Figure Captions:

Figure i. Optical emission spectra due to 300-eV electron t_ombardment (a) on a pre-

irradiazed NaC1 surface at 60 K, (a') on the surface with CO2+N2(1:1) e._po._ure at 5.0 ::

10 -8 Torr, (b) on a sodium metal surface at 60 K, (b')on the surface with CO2-,-N2(1:I)

exposure at 5.0 x 10-8 Tort.

Figure 2. Excited sodium and ON desorption yaelds from a sodium-metal surface at 60 K

plotted as a function of llme ""_':_""-- .k_ :__ ........ ,"
_I.'AIIIIJII_tl'_ till..- llltlU_ll_l.._; Ol _aE_ exr_sL[_'_I L-U2*:_,2LI:A/"'""" "'" .... a{

1.Ox 10 -07 Tort.
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